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AIR INTAKE SILENCER 

BACKGROUND OF THE INVENTION 

This invention relates generally to air intake silencers for use with 
internal combustion engines, and, more particularly, to air intake silencers for use 
with outboard motors. 

Internal combustion engines typically include an air intake system for 
receiving combustion air that is mixed with fuel and combusted in the engine 
cylinders. Noise from the engine, however, also typically travels through the air 
intake system to the atmosphere. In certain engines, such as, for example, a two- 
stroke outboard motor, noise travelling from the engine through the air intake is a 
significant noise source when the engine is operated at high speeds. 

To mitigate engine noise that travels through the air intake, two stroke 
outboard motors are often equipped with air intake silencers including expansion 
chambers or resonance chambers to attenuate engine noise traveling through the air 
intake. Due to size constraints in outboard motor constructions, however, known air 
intake silencers are of limited effectiveness. Typically, known air intake silencers 
produce attenuation of less than 4dB, and are generally ineffective at frequencies 
below 500 Hz. 

BRIEF SUMMARY OF THE INVENTION 

In an exemplary embodiment of the invention, an air intake silencer 
includes at least one air inlet pipe comprising a first end, a second end, and a passage 
therethrough, and at least one tuning tube in fluid communication with the air inlet 
passage. The tuning tube includes a first end, a second end, and a passage 
therethrough that extends for a length selected to cancel noise of at least a first 
selected frequency passing through the air inlet pipe. 

More specifically, the tuning tube and the air inlet pipe have passages 
of substantially equal diameters, but the passages extend for different path lengths 
through the air inlet pipe and the tuning tube. The path length difference causes half 
wavelength cancellation of a selected frequency of sound exiting from the air inlet 
pipe from an engine through the air intake silencer. In a further embodiment, the air 
intake silencer includes a plurality of tuning tubes located in a wrap-around 
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relationship with one another to tune different frequencies and produce half 
wavelength cancellation of more than one frequency. The air inlet pipe and tuning 
tube may be integrally formed, and in different embodiments may be formed into an 
air intake manifold that silences more than engine air inlet. In one embodiment the air 
5 intake silencer is integral to a motor cover. 

The above-described air intake silencer achieves broad band noise 
reduction of about lOdB to about 20dB in a frequency range of about 300 Hz to about 
800 Hz. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of an exemplary outboard engine; 
Figure 2 is a schematic illustration of a first embodiment of an air 

i'f intake silencer; 

Figure 3 is a schematic illustration of a second embodiment of an air 

Ui intake silencer; 

u *^ Figure 4 is an elevational view of a third embodiment of an air intake 

15, silencer; 

Figure 5 is a schematic sectional illustration of the air intake silencer 
shown in Figure 4; 

Figure 6 is a schematic illustration of a first embodiment of an engine 
cover incorporating an air intake silencer; 

20 Figure 7 is a schematic illustration of a second embodiment of an 

engine cover incorporating an air intake silencer; and 

Figure 8 is a schematic illustration of a third embodiment of an engine 
cover incorporating an air intake silencer, 

DETAILED DESCRIPTION OF THE INVENTION 

While the present invention is described in the context of an outboard 
25 motor system, and more particularly in the context of a two stroke outboard motor, the 
embodiments of the invention set forth herein are intended for illustrative purposes 
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only. It is understood that the present invention is appUcable to other types of 
outboard motors, e.g., a four stroke motor, as well as to other motor applications 
wherein air intake noise is desirably reduced. Therefore, the invention is not limited 
to practice with a particular motor or motor application. 

Figure 1 is a perspective view of an exemplary outboard motor 10, 
such as an outboard engine commercially available from Outboard Marine 
Corporation, Waukegan, Illinois. Motor 10 includes a cover 12 which houses a power 
head (not shown), an exhaust housing 14, and a lower unit 16. Lower unit 16 includes 
a gear case 1 8 which supports a propeller shaft 20. A propeller 22 is engaged to shaft 
20. Propeller 22 includes an outer hub 24 through which exhaust gas is discharged. 
Gear case 18 includes a bullet, or torpedo, 26 and a skeg 28 which depends vertically 
dowTiwardly from torpedo 26. 

The power head includes an intemal combustion engine (not shown in 
Figure 1) having a drive shaft (not shown) which engages a gear set in gear case 18 
and causes propeller shaft 20 to rotate. As propeller shaft 20 rotates, a thrust is 
developed to propel a watercraft (not shown) or vessel to which outboard motor 10 is 
attached. An air intake system (not shown in Figure 1) includes an air inlet (not 
shown in Figure 1) in flow communication with the atmosphere for intake combustion 
air in the cylinders of the engine. In one type of engine, intake air is passed through a 
carburetor before entering the cylinders. In another type of engine, air is passed into 
the engine cylinders and ftiel is directly injected into the engine cylinders for 
combustion. In either type of engine, considerable engine noise is transmitted fi-om 
the engine through the air intake air inlet to the atmosphere. 

Figure 2 illustrates one exemplary embodiment of an air intake silencer 
25 30 for reducing transmission of engine noise therethrough. Air intake silencer 30 
includes an air inlet pipe 32 in flow communication with the atmosphere at a first end 
34, a second end 36 coupled to an engine air intake inlet 38 for passage of combustion 
air within an engine 40, and a passage 42 between first end 34 and second end 36 to 
establish fluid communication between first end 34 and second end 36. 

30 In one embodiment, such as, for exeimple, a two stroke outboard motor, 

such as motor 10 (shown in Figure 1), air intake inlet 38 is an inlet to a carburetor (not 
shown) wherein atmospheric air traveling though air inlet pipe from first end 34 to 
second end 36 is mixed with fiiel to form a combustible air/fiiel mixture for 
combustion in the cylinders of engine 40. In an alternative embodiment, ambient air 
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traveling though air inlet pipe 32 from first end 34 to second end 36 is routed to one 
or more engine cylinders through a valve (not shovm), and fuel is injected into the 
cylinders to form a combustible air/fuel mixture. 

A tuning pipe 44 extends from air inlet pipe 30 and also includes a first 
end 46, a second end 48, and a passage 50 therebetween establishing flow 
communication between first end 46 and second end 48. Tuning tube first and second 
ends 48, 48, respectively, are in flow communication with air inlet pipe passage 42 so 
that air inlet pipe passage 42 and tuning tube passage 50 intersect at a first joint "A" 
and a second joint "B" along inlet pipe passage 42. Air inlet pipe passage 42 extends \ 
a first lineal distance L, between joints "A" and "B" while tuning tube passage 50 
extends a second lineal distance Lj between joints "A" and "B." By appropriately 
selecting lengths L, and L2, engine noise traveling from air intake inlet 38 and through 
air intake silencer 30 to the atmosphere may be attenuated. 

In one embodiment, and L2 are selected to produce one-half 
wavelength cancellation of noise traveling from engine 40 to the atmosphere through 
air intake silencer 30. By creating different noise path lengths through air inlet pipe 
passage 42 and tuning tube passage 50, air intake silencer 30 is tunable to a center 
frequency having a one-half wavelength equal to the difference of the two path 
lengths L, and L2. In an exemplary embodiment of air intake silencer 30, L, is 5 
inches (0.417 feet) and L2 is 20 inches (1.67 feet), and considering that the speed of 
sound at an air temperature of 70^F is 11 28 ft/sec, then the center frequency that the 
air intake silencer is tuned to is 

F ^ /^^^ , = ^ ^ = 450/fe . (Eq.l) 

2(L2-^i) 2(1.67-0.417) 

In alternative embodiments, other lengths of Lj and L2 are selected to tune air intake 
silencer 30 to a different center frequency as desired to attenuate engine noise at 
another frequency. Unlike known air intake silencers, air intake silencer 30 is 
effective at attenuating noise having a frequency of about 500 Hz or less, which is 
particularly advantageous for use in a two stroke outboard motor. 

In one embodiment, air inlet pipe 32 and air inlet pipe passage 42 are 
substantially straight and linear, and tuning tube 44 includes first and second segments 
54 extending generally perpendicularly from air inlet pipe 32 and a third segment 58 
extending between first and second legs 54, 56 substantially parallel to air inlet pipe 
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32. In one embodiment, tuning tube 44 is substantially U-shaped, with first and 
second segments 54, 56 fomiing the legs of the U and separated by the lineal distance 
L, between joints "A" and "B." In alternative embodiments, other shapes of tuning 
tube 44 and/or air inlet pipe 32 are employed, provided that lineal distances L^, L2 of 
5 air inlet passage 42 and timing tube passage 50 produce a desired level of engine noise 
cancellation before the sound exits first end 34 of air inlet pipe 32 and disperses in the 
atmosphere. In further alternative embodiments, greater or fewer than three tuning 
tube segments 54, 56, 58 are employed, and more than one air intake silencer 30 may 
be used to silence noise from different engine cylinders. 

10 Also, air inlet pipe 32 and tuning tube 44, in one embodiment are 

integrally formed and substantially equal in size, and consequently air inlet pipe 32 
and tuning tube 44 include substantially similar passages 42, 50, respectively, in cross 

i-i section. Thus, air intake silencer 30 is relatively compact in comparison to known 
silencers incorporating expansion chambers or resonance chambers. In altemative 

1=5 1 embodiments, however, a differently sized air inlet pipe 32 and tuning tubes 44 are 
used, and in a further altemative embodiment, air inlet pipe and tuning passages 42, 
50 are lined with a knovm sound-attenuating material, such as felt, to further reduce 
ni noise transmission through air intake silencer 30. Still further, in yet another 
embodiment, tuning tube 44 and air inlet pipe 32 are combined with a conventional 

3a air intake silencer (not shown) or a conventional expansion chamber (not shown) to 
aggregate the benefits of the present invention to the advantages of known silencers. 

Figure 3 is a schematic illustration of a second embodiment of an air 
intake silencer 70 similar to air intake silencer 30 (shown in Figure 2) and including a 
second tuning tube 72 located in a wrap-around relationship to first tuning tube 44 

25 (described above). Second tuning tube 72 is constructed similarly to first tuning tube 
44 but includes a third passage 74 that intersects air inlet tube passage at joints "C" 
and "D." Similar to joints "A" and "B", inlet air pipe passage 42 extends a third lineal 
length L3 between joints "C" and "D" and second timing tube 72 extends a fourth 
lineal length L4 that is different from lineal path length L3. With strategic selection of 

30 L3 and L4, one-half wavelength cancellation of engine noise at a second center 
frequency is achieved. 

Hence, not only will air intake silencer 70 produce engine noise 
cancellation at a first center frequency determined by the path length difference of L2 
and L„ as explained above, but also will attenuate noise at a second center fi-equency 
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determined by a path length difference between L3 and L4. Applying equation (1) 
from above, the second center frequency is determined by the relationship: 

1128 
2(^4 -L3)* 

With strategic selection of L3 and L4, noise components of frequencies above and 
5 below the first center frequency in respective alternative embodiments are achievable. 

While first and second tuning tubes 44, 72 are illustrated in a wrap- 
around relationship to produce a compact silencer 70, in altemative embodiments, 
first and second tuning tubes 44, 72 need not be located proximally to one another. 
Also, in one embodiment, air inlet pipe 32 and first and second tuning tubes are 

10 integrally formed, while in altemative embodiments air inlet pipe 32 and tuning tubes 
44^ 72 are separately constructed. In still further altemative embodiments, more than 

^ ! two tuning tubes are further used to expand an operating range of engine noise 
frequency attenuation. 

\Z Figures 4 and 5 are elevational and schematic sectional illustrations, 

1=5 respectively, of a third embodiment of an air intake silencer 80 in the form of an air 
L intake manifold 82. Manifold 82 includes at least one air intake inlet 84 in 
communication with the atmosphere or ambient air, and a plurality of manifold outlets 
86 in communication with engine air intake inlets 88 (shown in phantom in Figure 4) 
of an intemal combustion engine 90 (shown in phantom in Figure 4). As noted above, 
W engine 90 may or may not include a carburetor (not shown) between manifold outlets 
86 and the cylinders of engine 90. Intake air from the atmosphere flows through 
manifold air intake inlet 84 and into engine air intake inlets 88 for combustion in the 
cylinders. 

To attenuate engine noise from traveling through manifold 80 to the 
25 ambient environment, manifold 80 contains an embedded air intake silencer 92 
including an air inlet pipe 94, a first timing tube 96, and a second tuning tube 98. First 
and second tuning tubes 96, 98 include an air passage or path 100, 102, respectively, 
having a respective lineal length, and the lineal path lengths are strategically selected 
to produce engine noise cancellation at a center frequency determined by equation (1) 
30 above. In altemative embodiments, greater or fewer than two tuning tubes are used to 
produce one-half wave length cancellation of noise emanating fi"om the engine and 
traveling though the manifold to the atmosphere. 
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More than one air intake silencer manifold 82 may be used to silence 
engine noise through, for example, an odd cylinder bank (not shown) or an even 
cylinder bank (not shown), and in a further embodiment, an integrated manifold is 
constructed with more than one silencer so as to silence engine noise emanating from 
engine cylinders in different cylinder blocks or cylinder banks. In one embodiment, 
manifolds 82 are constructed differently so as to silence noise at different frequencies 
relative to respective cylinder blocks, or to silence noise of particular cylinders at 
different frequencies. In still a further embodiment, one or more manifolds 82 are 
structurally integrated into engine 90. In yet another embodiment, manifold 82 is a 
separate component from engine 90. 

Figure 6 is a schematic illustration of a first exemplary embodiment of 
an engine cover 108 for an outboard motor, such as motor 10 (shown in Figure 1), 
incorporating an air intake silencer 110 such as one of silencers 30, 70 or 80 (shown 
and described above). Air intake silencer 1 10 is integrally formed into a top wall 1 12 
of an upper half 1 14 of motor cover 12 (shown in Figure 1). 

Figure 7 is a schematic illustration of a second exemplary embodiment 
of an engine cover 120 for an outboard motor, such as motor 10 (shown in Figure 1), 
incorporating a pair of air intake silencers 122, such as silencers 30, 70 or 80 (shown 
and described above). Air intake silencers 122 are integrally formed into a side walls 
124 of an upper half 126 of motor cover 12 (shown in Figure 1). 

Figure 8 is a schematic illustration of a third exemplary embodiment of 
an engine cover 130 for an outboard motor, such as motor 10 (shovm in Figure 1), 
incorporating an air intake silencer 132, such as one of silencers 30, 70 or 80 (shovm 
and described above). Air intake silencer 132 is integrally formed into a bottom wall 
134 of a lower half 136 of motor cover 12 (shovm in Figure 1). 

n further altemative embodiments, morp>man one of intake silencer, 
such as^^^flencers 30, 70 or 80 (shown and d^^ertSed above) or combinations of air 
intel^esilencers 30, 70, or 80, are fonnpd^ntegrally into the same or different walls of 
><^per or lower halves, respectiydfTof an engine cover. In still further embodiments, 
one or more air intalg^'SiIericers are separately formed and attached to the upper or 
lower halves^^peiSpectively of engine cover. 

Using the above described embodiments, broad band noise reduction of 
about lOdB to about 20dB in a frequency range of about 300 Hz to about 800 Hz may 
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be achieved, a notable increase over known air intake silencers. Moreover, broad 
band noise reduction is provided in a compact air silencer unit especially 
advantageous for two stroke outboard motors. 

While the invention has been described in terms of various specific 
embodiments, those skilled in the art will recognize that the invention can be practiced 
with modification within the spirit and scope of the claims. 


